Summary: FX is an RNA-Seq analysis tool, which runs in parallel on cloud computing infrastructure, for the estimation of gene expression levels and genomic variant calling. In the mapping of short RNASeq reads, FX uses a transcriptome-based reference primarily, generated from ∼160 000 mRNA sequences from RefSeq, UCSC and Ensembl databases. This approach reduces the misalignment of reads originating from splicing junctions. Unmapped reads not aligned on known transcripts are then mapped on the human genome reference. FX allows analysis of RNA-Seq data on cloud computing infrastructures, supporting access through a user-friendly web interface. Availability: FX is freely available on the web at (http://fx.gmi. ac.kr), and can be installed on local Hadoop clusters. Guidance for the installation and operation of FX can be found under the 'Documentation' menu on the website.
INTRODUCTION
Accurately quantifying gene expression levels and identifying variants in the transcriptome is important for research into cell differentiation and disease diagnosis. Recently, various genome research groups have developed genome and transcriptome analysis software based on cloud computing technology to facilitate the analysis of large amounts of sequencing data without the purchase of computing resources. Bioinformatics cloud resources using the Hadoop Map/Reduce framework have been released, such as CloudAligner (Nguyen et al., 2011) , CloudBurst (Schatz, 2009) , Crossbow (Langmead et al., 2009) and MyRNA (Langmead et al. , * To whom correspondence should be addressed.
† The authors wish it to be known that, in their opinion, the first three authors should be regarded as joint First Authors. Table S1 ). However, operation of cloudbased analytic tools can be difficult for non-expert users such as biologists and medical doctors. In our previous study (Ju et al., 2011) , we found a problem inherent to RNA-Seq analysis tools that align to the human reference genome: reads coming from spliced junctions of large introns cannot be aligned due to indel (insertion and deletion) sensitivity of alignment tools. To resolve this problem, recent studies have analyzed gene expression and alternative splicing by aligning short RNA-Seq reads against previously known or predicted transcripts (Ju et al., 2011; Trapnell et al., 2010) . Following this approach, we enhanced the mapping of short reads by aligning toward a reference composed of known genes and their isoforms. To identify unannotated transcripts, FX aligns the remaining unmapped reads onto human genome reference. When short reads align to multiple cDNA sequences from the three databases, only the hit with the highest mapping score is used ( Supplementary Fig. S1 ). This method allowed us to profile gene expression and call variants with great accuracy (Ju et al., 2011) .
2010) (Supplementary
In this work, we implemented these methods in the user-Friendly gene eXpression analytic tool (FX), allowing RNA-Seq data analysis to begin immediately upon completion of sequencing. FX can be run by researchers without investment in their own high performance computing (HPC) at low cost using the Amazon Web Services (AWS, http://aws.amazon.com). The results output by FX are gene expression profiles, SNP calls and short indels (Supplementary Material 1). This service can be accessed through our web interface. Alternatively, FX is freely available for local distribution.
METHODS
In FX, each step is processed by mapping, shuffling and reducing the data over worker nodes. System configuration is shown in Supplementary  Figure S2 . FX splits data processing into several steps ( Supplementary  Fig. S3 ). Due to this loosely coupled step design, the researcher can run each step separately with custom filter conditions. Preprocess: before aligning paired-end sequencing reads to the reference, the preprocess step converts the FASTQ file to GSNAP (Wu and Nacu, 2010) input format.
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Fig. 1. The web-based user interface of FX, which calls analysis modules exploiting Amazon Web Service cloud computing resources.
Mapping on cDNA sequences: FX uses GSNAP as its default alignment tool. Alignment is done against our own cDNA reference which consists of transcripts from refGenes (∼34 000), Known Genes (∼65 000) and Ensembl (∼62 000) from NCBI, UCSC and EBI, respectively. In addition, alignment of unmapped reads is carried out on the human genome reference to detect unannotated transcripts. These transcripts are reported if they have average coverage ≥ 4 and do not overlap any genes. The preprocess and alignment steps can be omitted if the user has already aligned with a different tool yielding results in SAM format. FX is mainly intended for analysis of human RNA-Seq data. However, users can add a custom reference to analyze other species. Bioinformatic filter conditions: the GSNAP output format and SAM format are both accepted as input. This step filters out reads that have too many mismatches (>5% of the read length) and bases with Phred quality score <20 by default (Kim et al., 2009) . Some (4 by default) bases are trimmed in order to avoid the ambiguity of alignment at read ends. Reads with multiple alignments to the human reference genome are eliminated. SNP and indel identification: FX calls genomic variants (SNPs and indels) with ≥ 4 uniquely aligned reads and allele frequency ≥ 1% using filter criteria in (Ju et al., 2011; Kim et al., 2009) .
Profiling of transcript expression: in this step, bases aligned on each gene are aggregated. Similar to reads per kilobase of exon per million mapped reads (RPKM) (Mortazavi et al., 2008) , FX uses a concept of bases per kilobase of gene model per million mapped bases (BPKM) to normalize the expression level of each gene. We defined genes with BPKM ≥ 1 as 'expressed' (Supplementary Material 2) . Users may alternatively select to view results in terms of RPKM (Supplementary Material 2).
RESULTS
We developed FX as described in Section 2, to run on local Hadoop systems as well as the Amazon cloud system. FX was implemented using JDK 1.6.0, designed to run on clustered computers using the Hadoop Distributed File System (HDFS) built by Apache Hadoop 0.21 (http://hadoop.apache.org). A user-friendly web interface was designed, allowing researchers to adjust the bioinformatic filter conditions as desired (Fig. 1) . We analyzed the transcriptome data of a Korean individual (designated AK6) using FX. Sequencing
